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STABILIZED OXYMETHYLEHE POLYMERS 
Field of the Invention 

The present invention relates to stabilized 
oxymethylene polymers. More particularly. It relates to- 
^ stabilized cxyraethyiene polymers which exhibic a reduced 
tendency to forsi mold deposits upon molding, reduced odor 
and a reduced tendency to discolor under thermal stress. 

Background of tlie Invention 
10 The teim oxymethylene polymer as used herein is 

meant to include oxymethylene horaopolymers and diethers 
and dlesters. Also included are oxymethylene copolymers, 
which include oxymethylene polymers having a" least 60 
percent recurring oxymethylene units and at least one 
other unit derived from a monomer copolymerizable with 
the source of the oxymethylene units. 

Oxymethylene polymers having recurring -CHgO- 
units have been known for many years. They may be prepared 
for example, by the polymerization of anhydrous fonnaldehyde 
or hy the polymerization of trioxane, which is a cyclic 
trisner of formaldehyde, and will vary in physical properties 
such as thermal stability, molecular weight, molding 
characteristics .color and the like depending, in part, 
upon their method of preparation, on the catalytic poly- 
merization technique employed and upon the various types 
of comonomers which may be incorporated into t.he polymer. 

While the high molecular weight oxymethylene 
polymers are relatively thermally stable, various treat- 

30 ments have been proposed to increase the utility of the 
polymers by increasing thermal stability. Among these 
are end capping of hemiformal groups of polyoxymethylene 
horaopolymers and hydrolysis to remove unstable groups of 
oxymethylene in copolymers containing interspersed stable 

2C units, such as ethoxy groups. £ven beyond these treatments. 
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it has been found necessary to incorporate various 
stabilizers, antioxidants and chain-scission inhibitors 
into the polymers. Among the most successful and widely 
used thermal stabilizers are nitrogen containing compounds. 
5 These have been found to be effective in lowering the 
thermal degradation rate of the polymer. However, two 
problems do arise urtilch make these systems somei^iat 
undesirable for cosiuneroial applications. First, there is . 
the araine-Ilke or "fishy" odor encountered during and 
after molding and second and even more iinpartant is the 
formation of mold deposits which ^pear to be polymeric 
and therinoset in nature. This latter problem is of parti- 
cular importance sAien. ^all or narrow molded parts are 
being produced. Removing mold deposits can be difficult 
^5 and results in much lost time. 

One stabilizer system disclosed in the prior 
art contains a phosphine compound or a tertiary phosphine 
oxide, an antioxidant and a metal oxide which, vfhen 
incorporated into an oxymethylene polymer, provides a 

20 composition of inproved thermal, stability, does not emit 
objectionable odors and when the composition, is molded, 
does not leave mold deposits. Preferably, the composition 
contains a minor proportion of each of (a) a tertiary 
phosphine oxide, (b) an alkylene blsphenol antioxidant, 

25 and (c) an alkaline earth metal oxide such as HgO. 

Another stabilizer system disclosed in the prior 
art contains a cyclic amidine compound, e.g, having a ring 
carbon doubly bonded to- one ring nitrogen atom and singly 
30 bonded to another ring nitrogen atom, and a con^otand 
containing both amine and amide groups and having from 
0.2 to 5 amide groups per amino nitrogen atom ("amine- 
amides"). Preferably, both stabilizing compounds are 
devoid of carbon-to-carbon ethylenic unsaturatlon. 
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Preferred cyclic aniidine compounds are disclosed 
to be those containing at least one araidino group per 22 
carbon atoms with the residual valence of the amidino group 
bonded to nitrogen, carbon, oxygen or hydrogen. Particu- 
larly suitable compounds are the amine substituted 
triazines, e.g., amine-substituted derivatives of 
symmetrical triazines, including melamine ( 2, 4 , 6-triamlno 
syin . triazines ) . The amino groups may be primary, secondary 
or tertiary and other substituents such as hydroxy 
substituents may be present. Among the specific compounds 
disclosed to be suitable are 2, 4, S-triamino sym.triazine 
(inelamine), N,N-diethyl melamine, phenyl melamine, butyl 
melamine, N,N-diphenyl melamine, N, H ' , N"-triphenyl melamine, 
N,N' ,N"-triffiethylol melamine , 2,4- diamino~6-methyl sym. 
triassine, 2-4-diamino-6-butyl sym. triazine, 2,4-diamino- 
6-ben2yloxy sym. triazine , 2,4-diamino-6-butoxy sym. triazine, 
2 , 4-diajnino-6-benzyloxy sym. triazine , 2 , 4-diamino-6-butoxy 
sym. triazine , 2,4-diamino-6-cyelo-hexyloxy sym, triazine, 
2 , 4-diamino-6-chloro sym. triazine , 2 , 4-diaraino-6-mercap to 
sym, triazine, 2 , 4-dihydroxy-6-ajn!ino sym. triazine Cairanalide), 
2-hydroxy 4,6-diamino sym. triazine (ainraeline) and N,N,N',N' 
tetracyanoethyl benzoguanamine . 

As preferred amine-amides are disclosed compounds 
Wherein the amine groups are tertiary amine groups and 
wherein there are from one to three amide groups per amino 
nitrogen atom. Suitable amine-amides include compounds 
containing the structure H-R^-Z-E^ wherein is a divalent 
organic radical having terminal carbon bonds, Z is a 
0 
il 

C-C-HH-) 

group which may be in any position with respect to t.^e 
other atoms of the molecule, and Bt^ is hydrogen or a mono- 
valent orgsr.ic radical having a terminal carbon bond, e.g., 
an alkyi or aryl group either unsubstituted or containing 
cniy inert substituents. The preferred compounds are 
compounds In which is hydrogen and the free nitrogen 
bends are singly linked to carbon aroms; such cocpouncs 
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have terminal amide groups, i.e., 

il 

groups and tertiary amino groups. Tfie free nitrogen 
bonds at the left of the formula In the preferred con^sounds 
may be linked to alkyl groups, aryt groups or tnay be linked 
through carbon atoms to the other atoms of a heterocyclic 
ring. The free nitrogen bonds may be linked to additional 
radicals having amide groups. If desired, the radical 
linked to the free nitrogen bonds may have one or more 
additional tertiary amino nitrogen atoms in their skeletons 
or may even comprise a repeating polymeric structure. 

The divalent radical R may be an alkylene 
radical, such as a ntethylene, ethylene or butylene radical, 
or an arylene radical, such as a phenylene radical. These 
radicals may be unsubstituted or may contain substituents 
Tirtiich are Inert. Ttie divalent radicals may also, if 
desired, have one or more additional tertiary nitrogen 
atoms in their skeletons. 

Among the specific tertiary auiine -amides 
disclosed to be suitable are natrilo-trls-beta propionaaiide; 
beta (4-morpholinyl) p3«3pionamide;N,N-dimethyl-p-carbamyl 
aniline; 4-die they 1 amino- 2-methyl acetanilide and p- 
diethylamino acetanilide. 

It is further disclosed that compositions 
having particularly good thermal stability in addition 
to good resistance to discoloration on exposure to heat 
are prepared by adding to the con^osition, as a thermal 

stabilizer and third component, a phenolic compound. 

It is also disclosed in the prior art to 
increase the thermal stability of oxymethylene polymers 
by incorporating therein at least one amidine compound 
i.e.. a compound having a carbon atom doubly bonded to 
one nicrogen. atom and singly bonded to another. 
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A preferred class of ainidine compounds is disclosed to be 
the ^f-substituted ajnidine compounds vfherein another 
nitrogen atom Is singly bonded to the amidino group, most 
preferably at the carbon atom. Another preferred class 
of amidine compounds is disclosed to be those in which 
carbon atom of the antidino group is bonded to another 
carbon atom, an oxygen atom or an hydrogen atom. 

Suitable amidine compounds are disclosed to 
include the cyano-guanidine compounds including cyano- 
guanidine, itself, and other compounds including those 
containing the divalent l-cyaiio-3,3guanidino radical : 

Among the substituted cyanoguanidines which may be used 
are those having one or two suitable inert substituents 
at the 3-nitrogen position of the guanidine nucleus. For 
example, in the above formula, R^, and B.^ may be the same or 
different inert substituents including hydrogen, alkyl , 
aryl cycloalkyl, hydraxyalkyl , haloalkyl, haloaryl and 
other substituents. Suitable inert substituents are 
disclosed to be those which will not induce undesirable 
reactions. Specific compounds Vfhich are disclosed to be 
suitable include l-cyano-3-methyl guanidine, l-cyano-3- 
ethyl guanidine , l-cyano-3-isopropyl guanidine , l-cyano-3 , 
3-diphenyl guanidine. l-cyano-3-hydroxymethyl guanidine, 
l-cyano-3-dodecyl guanidine, l-cyano-3- ( 2-hydroxyethyl ) 
guanidine, l-cyano-3- (2-bromoethyl} guanidine l-oyano-3- 
(an-chlorophenyl ) guanidine and 1 ,3-dlcyanoguanidine . 

Yet another stabilizer disclosed in the prior 
art as useful in stablizing organic substrates, including 
cxyn-^ethylene polymers, against thermc-oxidative degrada- 
tion is a compound of the formula: 



0235927 



- 6 - 



5 




in which and independently of one another denote 
alkyl, cycloalkyl or areafcyl, denotes hydrogen or, 
CO jointly with R^, denotes tetramethylene, denotes 
15 hydrogen or lower alkyl or, conjointly with R^, denotes 
tetramethylene, Rj denotes hydrogen, alkyl, aralkyl, 
acyloxyalkyl , oxyallcyl or phenyl, R^ denotes hydrogen, 
alkyl, phenyl or the group 



20 




or conjointly with R^, denotes alltylene. Rj^ denotes 
25 hydrogen, alkyl, phenyl, benzyl or alkylphenyl or, con joim:ly 
with or Ry denoted alkylene or, conjointly with R^ and 
R^, denotes alkanetriyl.R^.Hj and together containing 
at least one carbon atom, Y denotes -O- or -KH-, p deno-es 
1,2,3, or 4 and A denotes hydrogen or a group vrtiich is 
30 derived from an organic or inorganic oxy-acid A-COH)p. 

Among the preferred compounds are disclosed to 
be those in which p is 3-n-n' and A is a radical of -he 
formula 
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wherein n and n* independently of one another denote 0 or 
1 and and K^^ Independently of one another denote an 
alkoxy group, a cycloalkoxy group, an aralkoxy group, an 
aryloxy group, a substituted mercapto group, a substituted 
amino group or a radical of a heterocyclic group. 

While the aforementioned stabilizers are useful, 
there exists the need for a simple stabilizer for oxymethy- 
lene polymers which when Incorporated in such polymers 
reduces the tendency to form mold deposits upon molding, 
reduces odor and reduces the tendency of such polymers to 
discolor imder thermal stress. The present invention 
provides an answer to this need. 

Suinmajcy of The Invention 

The present invention provides a stabilized 
oxymethylene polymer composition which exhibits a reduced 
tendency to form mold deposits upon molding, reduced odor 
and a reduced tendency to discolor under thermal stress. 
The composition comprises an oxyaethylene polymer selected 
from the group consisting of an oxymethylene homopolymer 
and a copolymer thereof represented by the formula 



0— CHj- 
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wherein and are each selected from the group 
consisting of hydrogen, lower alkyl and halogen-substitui;ed 
lower alkyl radicals, n is an integer of from zero to 5 

and wherein n is zero in from 60 to 99.6 percent of the 
recurring units, having incorporated therein a minor 
proportion of a stabilizer comprising a compound of the 
following formula: 



0==, 



wherein.; n Is 1 or 2 and when n is l.H^ is a monovalent 
radical selected from ^^,CHg-,H3C-(CHp)8-,C2H5-,C3H7-, 

n is 2, is a divalent radical selected from 




and -CCHg)^-. Preferably the stabilizer is present in 
an amount of from about 0.025 to afeout 5 wt,%, more 
preferably 0.025 to about 3 wt.5S. A preferred stabilizer 
is benzoguanamine . 

Description Of The Preferred Embodiments 

The oxyraethylene polymers useful in the 
compositions of the present invention include oxymethylene 
hcniopolymers and diethers and diesters. Also useful and 
generally preferred are oxynsethylene copolyaers, which 
include oxyraethylene polymers having at least 60 percent 
rscLirring cxysethylene units and at least one other unit 
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derived from a monomer copolymerlzable with the source 
of the oxj/methylene units. Among the copolymers which 
are utilized in accordance with this aspect of the 
invention, are those having a structure comprising recurring 
units having the fonnuLa 




wherein each and is selected from the group 
consisting of hydrogen, lower alKyl and lower halogen 
substituted alkyl radicals and \dierein n is an integer 
of from 0 to 5 and wherein n Is 0 in from 60 to 99.6 
percent of the recurring units. 

A preferred class of copolymers are those having 
a structure comprising recurring units having the for.T.ula 
(-O-CHg-CCHgO)^^-) wherein n is an integer from 0 to 2 and 
wherein n is 0 in from 60 to 99,6 percent of the recurring 
imits. These copolymers are prepared by copolymerizing 
trioxane with a cyclic ether having the structure 

iH2-(0CHj)„ 

Where n is an integer from 0 to 2. 

Among the specific cyclic ethers which may be 
used are ethylene oxide, X,3-dioxolane, 1.3.S-trioxepane, 
1-3-dioxane, triaiathylene oxide, pentamethylene oxide. 
1,2-propylene oxide, 1,2-butylene oxide, neopentyl formal, 
pentaerythritol diformal, paraldehyde, tetrahydrof uran , 
and butadiene monoxide. Particularly preferred is a 
copolymer prepared by copolymerizing trioxane and ethylene 
oxide. 1 , 3-dloxolane or both. 
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High molecular weight oxymethylene polymers may 
be prepared in high yields and with rapid reacrion rates 
by the use of catalysts comprising boron fluoride coordinate 
compounds in which oxygen or sulfur is the donor atom, as 
described in U.S. Pat.. Mo. 2,986,506. 

The copolymers useful in the present invention 
have typically and preferaJaly been subjected to either 
solution hydrolysis (hereinafter "SH") or melt hydrolysis 
(hereinafter "MH") to remove unstable groups. These 
processes degrade the hemiacetal end groups in the copolymer 
chain. Both processes are known to those skilled in the 
art and are in commercial practice. A useful solution 
hydrolysis process is disclosed in U.S. Pat. No. 3, 179, 948 
and a useful melt hydrolysis process is disclosed in U.S. 
Pat. No. 3.318,848. 

The stabilizers useful in the compositions of 
the present invention are compounds of the formula 

\ /- 

wherein: n is 1 or 2 and when n is 1, is a monovalent 
radical selected from '^"a"' ^z^'^^^z^ s' > <^^c,-. 

(CH3)2CH~, C«3tCH2)j^g- and ^—CU^- 

and when n is 2, is a divalent radical selected from 
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Th« stabiH««r compound* raprtsented by thm foraula 
are as rollows: 

fa f2 



I li 




ISObutyyocfminaw i tii. 
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» C-CH,-CHj 




H,H-e 



)i 

C-HH, 



PhanylacBtaauananirw 
Particularly praSarred is banzoguanaairui {n-l; Sl^- • 
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Preferably, the stabilizer is present in che 
composition in an amount of from about 0.025 to about 5 
vt.%, more preferably about 0.025 to about 3 wt.%. A 
particularly preferred amount is from about 0.1 to about 
0.3 wt.% based on the total weight of the composition. 
A preferred composition comprises an oxymethylene polymer 
and beazoguanamine in an amount of from about 0.1 to 
about 0.3 wt.%. 

The compositions of the present invention, as 
compared, to compositions employing raelamlne 



H 

or cyantsguanidin* 

Ksc-m NH 

\/ 

! 

as a stabilizer, demonstrate an improvement in thejrmal 
Stability, a substantial reduction in molding odor and 
do not tend to produce mold deposits when used with SH 
treated oxymethylene copolymers and produce a wipeable 
mold deposit when used with m treated oxymethylene 
copolymers or mixtures of m treated and SK treated 
oxymethylene copolymers. Compositions containing 
melamlne or cyanoguanidine tend to produce a thermcset 
type of mold deposit whether with MH treated, SH treated 
or mixtures of the two that requires a time consuming 
scraping of the molds. The present compositions also 
exhibit a substantial reduction in both extractable 
forma-ldehyde and molding odor emission and a reduction 
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ir. the KX b color value, a measure of zhe tendency of tr.e 
cxyaethylene polymer to discolor under thermal stress, as 
ccropared to compositions containing cyanogaanidine or 
melaaine. The present compositions also exhibit better 
regrind color than do compositions containing cyanoguanidine . 

The stabilized oxymethylene polymer compositions 
of the present invention are prepared by admixing the 
stabilizer with the unstabilized polymer in any suitable 
manner, whereby a substantially- homogenous composition Is 
obtained. For example, the stabilizer may be Incorporated 
into the oxymethylene polymer by dissolving both the 
polymer and the stabilizer in a conmiori solvent and there- 
after evaporating the solution to dryness. Alternatively, 
the stabilizer may be admixed intimately vith the oxymethy- 
lene polymer by being applied in solution in a suitable 
solvent to the finely divided solid oxymethylene polymer 
followed by evaporation of the solvent. 

The admixture may also be made by dry blending 
the finely divided oxymethylene polymer and finely divided 
stabilizer followed by extrusion or melt compounding or by 
milling the stabilizer Into the polymer as the latter is 
worked on a rubber mill. 

The stabilized oxymethylene polymer compositions 
also include if desired, plasticizers, pigments, lubricants 
and other stabilizers, e.g. , stabilizers against degradation 
by ultraviolet light, e.g., 2,2'~dihydroxy-4,4'-dimethoxy- 
benzophenone , 2-hydroxy-4-methoxy-benzophenone, a-hydroxy-4 
-methoxy— 4*-chlorc-benzophenone , nucleants, UV screens and 
absorbers, polyamides , metail soaps, reinforcers and fillers 
sueh jas glass , talc ,vfliite mica and gold mica, polymeric 
substances such as ethylene vinyl acetate, polyure thanes, 
Impact modifiers, and color pigra,ents which are compatible 
with cxymethylene polymers, e.g., red pigaents such as 
azc dye and cadmium sulf ide-cadmlum selenide reds and 
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"Kercadiutr." reds, blue pigr.ents such as phthalocyar.ine 
blues, green pigments such as chromium oxide greens, white 
pigments such as titanium dioxide whites, and black pigments 
such as carbon blacks which can be incorporated in amounts 
of up to about 5% by weight, based upon the tatal weight of 
the composition. 

The following examples present illustrative but 
non-1 Imlting embodiments of the present invention. Unless 
otherwise stated, the. oxymethylene polymers used in the 
following examples are oxyirethylene oopolyraers of trioxane 
and ethylene oxide ;^ich were prepared as described in 
Example 1 of U.S. Pat .3 , 25^1 , 0S3 , Catalyst residues in the 
polymer were deactivated with an amine as described in U.S. 
Pat. 2,989,509, and the copolymers were then subjected to 
either the mely hydrolysis process or the solution hydro- 
lysis process as described in U.S. Pat. 3,318,848 and U.S. 
Pat. 3,174,948, to remove unstable terminal units. 

The various analyses referred to in the examples 
were conducted as follows: 

MOLD DEPOSIT: is evaluated by repeated injection of 435- 
440"? molten oxymethylene polymer into a 4 inch diameter 
by 1/16 inch thickness cavity. Two sets of mold tempera- 
tures were used to study the mold deposit propensity. The 
ISO* F low mold temperature was selected to study mold 
deposit buildup due to condensation of free formaldehyde 
and stabilizer exudation. At the 200" F high mold tempera- 
ture formaldehyde condensation did not occur and the mold 
deposit was mainly stabilizer related. In order to build 
up a sufficient amount of mold deposit for observation , 700 
cycles and 3000 cycles are conducted for the low mold 
. temperature and high mold temperature respectively. All 
35 samples are dried at 180°F for 4 hours before testing to 

assure uniformity of moisture content. During mold deposit 
testing, the disc mold cavity is inspected every 50 shots 
for the initial 250 shots, and subsequently every 100 shots. 
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Xcla deposit is described -o be light {crescent shaped 
buildup around the gate), niedlun; (annular buildup inside 
zhe disc cavity), and heavy (uniforai buildup inside the 
disc cavity). At various times, a portion of the mold 
5 cavity is wiped with a clo-h soaked with NOXOH, a liquid 
metal polish manufactured by Boyle-Midway. The NOXON 
coating is allowed to remain on the mold surface for three 
isinqtes before wiping. If the mold deposit could not be 
removed by the application of NOXON, it was recorded as 
10 intractable. 

EXTRACTABLE FORMAI43EHYDE i is measured by boiling 100 graias 
cf sanple in 100 ml of distilled water at reflux for 60 
minutes. The extract is then neutralized with potassium 
hydroxide { 0.1N) solution and the final pH is noted. Fifty 
15 millliters of sodium sulfite (O.IN) solution is added to 
the extract. This final solution is then titrated with 
sulfuric acid CO.IN) to the original pH level noted previously. 
An extractable formaldehyde value is calculated from the 
following formula: 

20 

% extractable formaldehyde = (T x K x 3)/W 

%^ere 

T = millliters of sulfuric acid 
Mr = norsiaiity of sulfuric acid 
55 W I? exact sample weight in grams 

XX COLOR : is measured by holding a few grams of Q)qostt:ylese 
pclynier ssjnple for 30 minutes at aSOOQ in a melt indexer. 
T.-.e sa-rxle was then extruded and coT^jresslcn niclded into a 
l. S Inch thickness plague to deteraiine the b color change 
-° vising a Hunter Colorimeter, The test Pleasures the 

dzscGloration tendency of the resin as experienced by t.he 
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MELT FLOW INDEX: is rieas-jred with =r. Sxtr-jsicn PlastcT.eter 
(Melt Ir.dexer), The procedure is essen.iaily equivalent to 
ASTM D-1238-73. The unit measures the flow rata for ten 
minutes of oxymethylene polymer raelt through a 0.0825 inch 
5 diameter by 0.315 inch length capillary at IQCC from a 

0.376 inch diameter cylinder under a 2,150 grams dead weight. 

THERMAL GRAVIMETRIC ANALYSIS (TGA): is a njeasure of the 
combined thermal and oxidative degradation tendency of the 
oxymethylene polymer. The experiment is conducted using a 
Netzsch 409 Thermal Analyzer manufactured by Netzsch- 
Geratebau GmbH, West Germany and distributed through Netzsch, 
Inc., Exton, Pennsylvania. A sample of £0-30 mesh size is 
prepared by cyrogenic grinding. One gram of sample is placed 
in an aluminium oxide test crucible inside the test chamber. 
An air flow of 130 mis per minutes is next introduced into 
the chamber to serve as both the carrier gas and the oxidative 
agent. The test chamber is heated at a constant heating rate 
of 5 degrees centigrade per minutes from room temperature to 
275" C, and the weight loss versus temperature is recorded 
using a strip chart recorder. Initially, the weight loss 
versus temperature is a straight line wi-^h a slight nega-cive 
slope. A sudden slope change is registered when all the 
stabilizers are consumed, and the sample undergoes accelerated 
decomposition. The temperature at the slope change is recorded 
as the degradation induction temperature. In addition, the 
weight loss in the 110«C to aao-'C range is also noted. These 
two parameters are used to compare the theriiiial-oxldative 
stabilities of various samples, 

30 MOLDING ODOR: is measured by sto^i.^g four 1/2" by 1/8" by 5" 
flexural bars and four a" by 1/8" discs in a one pint ^5ason 
jar Immeaiately after molding. The Jar is sealed tight with 
a double lid, and stored in a styrofcam enclosure for two 
hours to allow formaldehyde emission to reach equilibrium, 

35 A 5 mis gas sample is drawn from the sanpXe jar, and 

injected into a Perkin-Elraer Model F-45 gas chrcmatograph 
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equipped with a theinal ccr.cuctlvity de-ecto.r, to de-ersiine 
-he. fcrmaldehyde concentration in the sample gas. 
THE THERMAL DEGRADATlOlt RATE OF THE POLYMSRCKj^gg^) : is 
sjeasured by determining the percent weight loss of a sainple 
cr the palynier heated, in an open vessel in a circulating 
air oven at 230 =C. For ejcantple, the KpgSO °^ ^ unstabiXized 
oxyraethylene copolymer of trioxane and ethylene oxide, which 
was subjected to hydrolysis to remove unstable end groups, • 
is well over 1 percent per minute and generally results In 
a complete loss after 45 minutes at asO'C, 

Exanple 1 

Compositions A through I were prepared by mixing 
the components in a Henschel mixer and then extruding the 
mixture using a 1%" Johnson single screw extr-ader. Three 
different oxymethylene polymer compositions were used. 
One was 100?5 MH copolymer (melt hydrolysis polymer) with 
a Melt Flow Index of 9,6, and the second was 10056 of the 
SH copolymer (solution hydrolysis polymer) with a Melt Flow 
Index of 8.6, and the third was a mixture comprising SDJS 
of MH ccpolyaier snd S0% SK copolymer. All compositions 
contained a conventional hindered-phenol type antioxidant, 
a .-ncld release agent sr.d a nucleant in amounts typically 
ssplcyed by those skilled in the art to which the present 
invenvion pertains. Cyar.oguanidine ("CNG") was used as a 
ccnparative statiiiizer. Benzoguanasiine ("3ZG") was used 
in the coraposltisns exe-plary of the present invention. 
The extrudate was chopped and subjected to the fcllowlng 
a-nalyses: Molding Gdor, TGA (induction temperature and 
weight less), Kd, Melt Flow Index, Sxtractable Forxaldehyde, 
and MX b Color, These sr.alyses were conducted as described 
abcva. The. results are sufamarized belcw in Tables 1 through 
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Table 1 

Molding Odor 

PPM of Formaldchycie 

SH/MH.Wt.9t 

Composition Stabilizer 0/100 50/50 IQQ/Q 



A 


0-15£ CHG* 


1, 


,830 


2,S13 


1,656 


B 


0,02556 BZG 










C 


0.05016 BZG 










D 


0.07536 BZG 


2. 


,435 


1,240 


1,096 


E 


0.1% BZG 


1, 


,011 


1,072 


886 


F 


0.2% BZG 




731 


695 


499 


a 


0.396 BZG 




73 S 


584 


427 


H 


0.4% BZG 




797 


517 


404 



* Comparative 



Table 2 

TGA Induction 1!eaii>.,'C 
SH/HH,-Vt.j6 



Composition 


stabilizer 


0/100 


50/50 


100/0 


. A 


0.1?t CNG* 


240.9 


240.9 


250.9 


B 


0.02556 BZG 


241.0 


249.5 


256.3 


C 


0 . 05% BZG 


241.0 


249.5 


258. 2 


D 


0.07556 BZG 


249.0 


251. 8 


256.3 


E 


0.196 BZG 


244.5 


249,5 


251.4 


r 


0.256 BZG 


244.5 


246.4 


253.6 


G 


0.356 BZG 


243.2 


253.6 


254.5 


H 


0.456 BZG 


231.0 


24S.4 


£57.3 



•Comparative 
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TGA Vt. Loss 110 to a20''C 
SH/HH,Wt.:ii 



Composition Stabilizer 



0/100 



5O/50 



0.1% 

0.02556 

O.OSOSi 

0,0755S 

0.1% 

0.2* 

0.3% 

0.4% 



0.08 

0.05 

0.05 

O.Oll 

0-1 

0.05 

0.04 

0.18 



0.15 
0,032 
0.017 
0.039 
0.04 



O.02 
0.012 
0-018 



Composition Stabilizer 



0,1% 

0.025% 

0.050% 

0.075% 

0.1% 

0.2% 

0.3% 

0.4% 



CNG* 
BZG 
BZG 



0/100 

0.018 
0.023 
0.025 
0.021 
0.021 
0.023 
0.019 
0.021 



50/50 
0.019 

o.oai 

0.019 
0.016 
0.017 
0.017 
0.015 
0.016 



lOO/O 

0.014 
0.016 
0.019 
0.019 
0-017 
O.014 
0,015 
0.014 
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Table 5 



Melt Flow Index 
SH/MH,Wt.j6 



Composition 


Stabilizer 


0/100 


50/50 


100/0 


5 A 


0.1% CHG* 


10.2 


8.7 


8.9 


B 


0.025* BZG 


9.8 


9.0 


8.2 


C 


0.05* BZG 


9.8 


9.1 


8.3 


D 


0.075* BZG 


9.8 


9.2 


8.4 


E 


0.1* BZG 


9.9 


9.2 


8.5 


F 


0.2* BZG 


9,9 


9.3 


8.7 


G 


0.3* BZG 


9.8 


9.2 


8.6 


10 H 


0.4* BZG 


9.9 


9.4 


8.9 



^Comparative 

IS ■ . 

Table 6 

Kxtraotable Formaldehyde . . 
SH/MH.Vt.* - 

20 Composition Stabilizer O/lOO 50/50 100/0 



A 


0.1* 


CHG* 


0.018 


0.022 


O.OlO 


B 


0.025* 


BZG 


0.017 


0.O14 


0.009 


C 


0,05* 


BZG 


0.017 


0.016 


0.010 


D 


0.075* 


BZG 


0.016 


0.016 


0.008 


E 


0.1* 


BZG 


0.016 


0.013 


0.008 


F 


0.2* 


BZG 


0.015 


0.009 


0.009 


G 


0.3* 


BZG 


0.018 


0.011 


0.006 


H 


0.4* 


BZG 


0.017 


0.011 


0.009 



* Comparative 

30 
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MX b Color 



Composition 




0 


SH/MH.Wt.56 
50 


100 


A 




18.1 


20.5 


11.4 


B 


0.025{e BZG 


3.8 


4.2 


4-4 


C 


0.050?6 B2Q 


4.6 


3.9 


4.3 


D 


0.075?S BZG 


6.1 


5.2 


4.8 


E 


0.1% BZG 


4.8 


4.3 


3.4 


■ F 


o;a?6 BZG 


3.2 


2.7 


3.3 


G 


0.3% BZG 


2-2 


2.3 


2.9 


H 


0.4516 BZG 


2.5 


2.0 


2.6 



♦Comparative 

The 100% SH results were found to be better then 
15 the 100% MH results. -This is believed to be due to a more 
thorough reracval of polymerization impurities when the SK 
process is used. The 50/50 MH/SH mixture behaves. In 
general, intermediate between 100% SH and 100% MH. Table 
2 shows a difference of ICC in TGA induction temperature 
20 between MH and SH polymers. Substitution of 0.1% CNG with 
0.1% BZG in all three polymers produces coanparable (to 
slightly higher) TGA Induction temperature. The same 
conclusion holds true for the "KJA weight loss data and Kd 
results shewn in Table 3 and 4. The theraial stability of 
25 the BZG stabilized polymer Is therefore comparable to the 
CNG control. The Melt Flow Index results, which measure 
the melt flow index perservation as a s-^ans of gauging 
thermal stability, as shown in Table 5, also reinforce 
this eonclusion- 

30 

Two distinct advantages of BZG over the CNG 
control are observed. They are reduced MX b color and 
T.oIding odor. ^ shown in Table 1, the BOt b color values 
of BZG stabilized cosipositions varying in BZG level from 
^_ o.C25% -c D.^a are afcieu-: 6 or less regardless of The MK/3H 
ratio in ccrsparison with the about 10 to X8 MX b values 
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for the 0.1% CWG control. A substantial reduction in I^v b 
color is noticed when the air.ount of BZG increases from 
O.lfi to 0,2% to 0.454 for the 100?4 MH and 50/50 MK/SH 
polymers. On the other hand, only a slight reduction in 
5 MX b color is noticed at higher than 0,1?S B2G concentra- 
tions in SH polymer. The molding odor results sunsarized 
in Table 1 show that at identical 0.1% levels, BZG 
Stabilized polymers are lower in formaldehyde emission. 
A drastic reduction in formaldehyde emission is observed 

10 when the BZG level is Increased from 0.1% to 0.296, and 
further increases in the amount of BZG do not produce 
less molding odor. The extractable formaldehyde results, 
as shown in Table 5, which is another measure of formalde- 
hyde odor, also support the conclusions based on molding 

15 odor. It is possible to achieve some reduction in siolding 
odor, by using increased amounts of CKG, however, this 
action greatly enhanced the tendency of CNG to plate out 
and form Intractable mold deposit. 
Example 2 

20 

Compositions J through V were prepared using 
different ratios and the MH and SH copolymers described 
in Example 1 and were mixed and extruded as described in 
Example 1. BZG, CNG and melamine ("MEL") were used as the 

25 stabilizers. Each composition was molded numerous times 
as summarized below and mold deposit was evaluated as 
discussed above. The results are summarized below in 
Tables 8 and 9. The mold deposit testing shown in Table 
8 was conducted at low mold temperature (ISOT) in order 

30 to accumulate both formaldehyde condensation and stabilizer 
exudation products. All the BZG compositions show wipeable 
mold deposit using NOXON as the cleansing agent. The 0.1% 
CNG control, in contrast, produced more mold deposit, and 
the nature of the mold deposit is thermoset. vrtiich cannot 

35 be cleansed by application of .TOXOH, A razor blade was 
required to scrape away the aiold deposit, an extremely 
Slow and painstaking exercise. 
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Table 3 shows the mold deposit results conducted 
at high Mid te:iiperatare (200»F) to measure the moid deposit 
propensity of the stabilizer additives. The higher mole- 
cular weight aaidlne compound, MEL {M-W.126) is used in 
place or the lower Tnolecular weigh- amidine compound, CNG 
Cm.W. 84) to reduce exudation tendency. B2G with a mole- 
cular weight of 187, as shown in Table 9, outperfornis MEL 
in mold deposit. For 100?6 SH. the BZG camposition produced 
no mold deposit whereas the MEL control produced ir.tractable 
mold deposit. Similar results were obtained using the 
50/50 MH/SH polymer feed. The BZG composition produced 
less mold deposit than the MEL control and the MEL xype of 
mold deposit again required the use of a razor blade for 
removal whereas in comparison, the BZG type of mold deposit 
was removed with NOXOM. 
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Claims : 

1. An Qxymethylene polymer composition which comprises" 
an oxymethylene polymer selected from the group consisting 
of an oxysnethylene homopolymer and a copolymer thereof 
represented by the formula 



wherein and Rg are each selected from the group 
cpnsisting of hydrogen, lower alkyl and halogen-substituted 
lower alkyl radicals, n is an integer of from zero to 5 and 
wherein n is zero In from 60 to 99.6 percent of the recurr- 
ing units, said polymers having incorporated therein a minor 
proportion of a stabilizer comprising a coiwound of the 
formula 

/ \ 



wherein: n is 1 or 2 and when n is I, B„ is a aionovalent: 
radical selected from '^~'*'3^^2''8"'''2*^5~*''2f'7~' 
{CH^)2<^H-, .H-.CKgCCHgjjg- and ^^H^-, and wh< 

n is 2, R_ is a divalent radical selected from 
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2. The compcsi-ion of claim 1 wierein the stabilizer is 
present in an. amount of from about 0.C25 to a&out 5 wt.!6 
based on the total weight of the coraposltion. 

5 3. The compostion of claim 2 vrtierein the stabilizer is 
-present in an amout of from about 0.025 to about 3 Hst.%. 
4. The composition of claim 3 wherein the stabilizer is 
present in an amount of from about 0.1 to about 0.3 wt.jS. - 
10 ^" '^^^ composition of claim 1 wherein n is 1 and R is 

6. The composition of claim 1 wherein the oxyaethylene 
polymer is a copolymer. 

7. The composition of claim 6 wherein the copolymer is a 
copolymer of trioxane and ethylene oxide, 1 , 3-dioxolane or 
both. 

. S.- An oxymethylene polymer con?sosition which comprises an 
oxymethylene polymer selected from the group consisting of 
20 ^ oxymethylene homopolymer and copolymer thereof represented 
by the formula 







y 

-c- 










i 


n 





wherein R^and P.^ are each selected frcan the group eonsisz- 
Ing of hydrogen, lower alkyl and halogen-substituted Icvfer 

30 alkyl radicals, n is an integer of rrc!ii zero to 5 and i^hersin 
n is zarG in Crom 60 to 99.6 percen- cf tne recurring units, 
said polysiers having incorporated therein frcm about 0-C25 
to about 5 wt.jS, based on the total weight of the cctroositior:, 
of a stabilizer comprising a eoirpcund cf the formula 

35 
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Wherein: n is 1 or 2 and when n is ItRg is a monovalent 
radical selected from^Q^^ CH3-, HgC-CCHgJg-. C^H^~,C^H^~. 

(CH3)2CH-, >H-. CH3(CH2)^g-, Q^j'' " 

■±s 2, R3 is the divalent radical 

-(CH2)j-CH ">*^v^ CHMCHj)^- , 

S. The composition of clSLlm 8 wherein the stabilizer is 
present in an amount of from about 0.025 to about 3 vt,%, 

10. The composition of claim 9 wherein the stabilizer is 
present in an amount of from about 0.1 to about 0.3 wt.95. 

11. The composition of claim 8 wherein n is 1 and is 

12 ~ The composition of claim 8 wherein the oxyaiethylene 
polynter is a copolymer. 

13, The composition of claim 12 wherein the ecpolymer is 
a copolyaier of trioxane and ethylene oxide, l.S-dicxolane 
or both. 
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14. An oxyaiethylene polymer composition which comprises 
an oxyT.ethylene polymer selected from the group consisting 
of ar. oxynethylene homopolytner and a copolymer thereof 
represented by the formula 



1 



wherein and are each selected from the group consist- 
ing of hydrogen, lower alkyl and halogen-substituted lower 
alkyl radicals, n is an integer of from zero to 5 and 
wherein n is zero In from 60 to 99.6 percent recurring 
units, the polymer having incorporated therein as a stabilizer, 
a minor proportion of benzoguanamine . 

15. The composition of claim 14 wherein, the stabilizer is 
present in -an amount of from about 0.025 to about 5 vrt.%. 

16. The composition of claim 15 wherein the stabilizer is 
present in an amount of from about 0.025 to a£}out 3 wt.*- 

17. The composition of claim 16 wherein the stabilizer 

is present in an amount of from about 0.1 to about 0.3 vz.%. 
18- The compositrion of claim 14 wherein the oxymethylene 
polymer is a copolymer. 

19. The composition of claim 18 wherein the copolymer is 
a copolymer of triostane and ethylene oxide, 1,3-dioxolaiie or 
both. 
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